Serotonergic neurons of the raphe nucleus regulate sleep, mood, endocrine function, and other processes that mature during adolescence. Alcohol abuse and binge drinking are common during human adolescence. We tested the novel hypothesis that adolescent intermittent ethanol exposure would alter the serotonergic system that would persist into adulthood. Using a Wistar rat model of adolescent intermittent ethanol (AIE; 5.0 g/kg, i.g., 2-day on/2-day off from postnatal day [P]25 to P55), we found a loss of dorsal raphe nucleus (DRN) serotonin (5-HT)-immunoreactive (+IR) neurons that persisted from late adolescence (P56) into adulthood (P220). Hypothalamic and amygdalar DRN serotonergic projections were reduced following AIE. Tryptophan hydroxylase 2, the rate-limiting 5-HT synthesizing enzyme, and vesicular monoamine transporter 2, which packages 5-HT into synaptic vesicles, were also reduced in the young adult midbrain following AIE treatment. Adolescent intermittent ethanol treatment increased expression of phosphorylated (activated) NF-jB p65 as well as markers of microglial activation (i.e., Iba-1 and CD11b) in the adult DRN. Administration of lipopolysaccharide to mimic AIE-induced innate immune activation reduced 5-HT+IR and increased phosphorylated NF-jB p65+IR similar to AIE treatment. Voluntary exercise during adolescence through young adulthood blunted microglial marker and phosphorylated NF-jB p65+IR, and prevented the AIE-induced loss of 5-HT+IR neurons in the DRN. Together, these novel data reveal that AIE reduces 5-HT+IR neurons in the adult DRN, possibly through an innate immune mechanism, which might impact adult cognition, arousal, or reward sensitivity. Further, exercise prevents the deleterious effects of AIE on the serotonergic system.
Introduction
Adolescence is a highly conserved neurodevelopmental period that marks the transition from childhood to adulthood, and is characterized behaviorally by increased social interactions and risktaking (i.e., novelty-and sensation-seeking (Spear, 2011)). In parallel, the brain undergoes significant maturation of neurocircuitry and refinement of several neurotransmitter systems (Coleman et al., 2011; Crews et al., in press; Spear, 2000; Weir et al., 2012) , including the serotonergic system (Lidov and Molliver, 1982; Shoval et al., 2014) . Serotonin (5-hydroxytryptamine, 5-HT)-producing neurons are primarily located within the brainstem raphe nuclei and are generated prenatally in the brain (Lauder, 1990) . Serotonergic neurons innervate multiple brain regions and these projections undergo significant refinement during adolescence (Dori et al., 1996; Xu et al., 2001) . Serotonin is a neuromodulatory neurotransmitter involved in synaptic plasticity, learning and memory, mood regulation, sleep, and endocrine processes that mature during adolescence, and dysregulation of this system is linked to several psychiatric disorders, including depression, impulsivity, and alcohol dependence (Michelsen et al., 2007; Muller and Homberg, 2015; Nautiyal et al., 2015) . It is currently unknown whether adolescent binge drinking alters populations of 5-HT-immunopositive neurons in the adult raphe nucleus.
In humans, adolescent risk-taking and sensation-seeking behaviors coincide with the onset of alcohol and drug experimentation (Windle et al., 2008) . Studies reveal that by age 14, binge drinking is common among youth in the United States, with current statistics reporting heavy episodic binge drinking (i.e., >5 consecutive drinks per binge drinking episode) in approximately 5% of 13-14 year old 8th graders, 22% of 12th graders, and >40% http://dx.doi.org/10.1016/j.bbi.2016.09.018 0889-1591/Ó 2016 Elsevier Inc. All rights reserved.
